Abstract -There is a gap between the problems our students typically encounter in their education and the problems they are likely to be asked to solve in their future employments. It is convenient in education, both in specification and assessment, to provide fairly wellstructured problems, and many instructors view using such problems as a way to manage the learning process. However, real-world problems are typically ill-structured and we argue that using only well-structured problems as learning examples does not prepare our students for the problems they will encounter in their professional life. Preparing students for dealing with ill-structured, or open ended, problems is an educational challenge involving critical thinking skills, which most instructors and curriculum designers view as an important goal of the learning process. This panel is designed to address issues of open or ill-structured problems from learning aspects. The panel will also cover concrete examples to inspire education designers preparing students for their future careers by improving their problem solving capabilities through use of ill-structured problems as learning examples.
INTRODUCTION
As education providers we strive for higher-order critical thinking skills in our students. In this panel we will discuss how ill-structured problem solving can be used to reach educational goals in engineering education. Learning goals for engineering education will be discussed to address why illstructured problems is a suitable part of the courses.
A set of issues related to ill-structured problem solving will be discussed in this panel, including professional skills, knowledge construction, self-directed learning opportunities, cognitive load, learning goals, situated cognition, and concrete examples. The learning environment setting is a vital to the successful use of ill-structured problem solving as a basis for education. These settings are typically student-centered learning environments, e.g. Situated Cognition [1] , Practice fields [2] , and Communities of Practice [2, 3] , and it will be discussed how ill-structured problem solving is, or can be, a part of them.
We will address the issue of scaffolding, and especially how much and when, since this is central to learning theories behind educational settings and while there is critique that minimal guidance is misguided in terms of learning [4] ; and, we wish to provide a perspective on this.
Concrete examples used by the panelists will be presented from learning environments with a focus on solving illstructured problems. These examples typically include Open Ended Group Projects (OEGP) [5] , where different forms of collaboration are part of the learning environment, e.g. realworld users, industry, and students from different institutions.
EDUCATIONAL GOALS
Study plans for engineering education programs typically state some overarching goals, which include both general skills and specific program goals. The following educational goals are taken from a description of capabilities in IT graduates used at Auckland University of Technology in Auckland, New Zealand, which is an example of general skills that most engineering education providers world wide would subscribe to.
Graduate capabilities • the ability to critically evaluate information;
• understanding of and commitment to continuing learning; • independent, critical and reflective judgement;
• effective oral and written communication skills; • project management skills;
• skills in information literacy and research;
• the ability to work effectively as a member of a team;
• an understanding of ethical issues;
• the ability to work well with people from other cultures and backgrounds and to be sensitive to different approaches and beliefs; • understanding of the role of information technology and its impact on the environment; • the ability to develop and apply appropriate information technologies and tools to framing and solving problems and evaluating opportunities in a range of business, industry and professional domains; • sound technical understanding of computing systems and hardware infrastructure. These capabilities will serve as a comparison set for our discussion about constructing learning environments for engineering students.
ILL-STRUCTURED PROBLEM SOLVING
Problem solving is considered a fundamental learning activity [6, 7] . In this panel, we will focus on open ended problems.
In general, open ended problems are often "ill-structured", i.e. where goals or bounds are unspecified or over-specified, unclear or insufficient in various ways; and are considered to be more complex, more open-ended, and also more real-world or indeterminate in their end goal in comparison to "wellstructured" problems [6, 8, 9, 10, 11, 12] .
Though theorists may diverge as to the characteristics of ill-structured problems, many agree that knowledge of the composition (formulation) of ill-structured problems is important both for learning and teaching how to solve the problems [7, 8, 11, 15] . Next, important to tackling the issue of ill-structured problems is the understanding that solving illstructured problems requires different skills than solving wellstructured problems [8, 10, 11, 12, 13] . Yet, it is wellstructured problems that are the ones most frequently encountered in classroom environments, even as ill-structured problems are the ones more frequently encountered in everyday and professional practice [12, 14] . Thus, if part of the work of education is to prepare students for problems typically encountered, open-ended problems need to be part of the educational repertoire for scaffolds to future professional work. Additionally, it is important to discuss how to assess the outcomes of these activities both in terms of "design success" and individual learning goals/outcomes. An intent of this panel is to propose some methods and concepts that can be used in student-centered learning settings that will help instructors better equip students with skills to manage illstructured problems.
CONCLUSIONS
The intent of the panel is to inspire the audience to look into how to integrate solving open ended, ill-structured problems into their education by providing arguments for its importance and in providing examples of how it can be, has been, done.
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